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ABSTRACT

An mmpccc of pam.mlve coollng ralaten to
comlln~ load reduction by the use of molar
cnncrola. When there It a subtantlal win-

ter heating rcqulrement, ●nd when the wlnccr
heating needs ● re ■ot In par: by a psnolve
molar heating nyntem, then the potenclal

aggrirv~t ion of numur coollng Ioadn by the
hcsclng system IFI an Importfint design issue.

A LrudlLloilal solutlrm Is the uec of ●

flxcd, horizontal sh.’dlng overhan~. The
purpone of the prune,lt paper ILL to outline

m tippro~ch tn qunntlli+tlvr d~nlgn rulen for

che ❑lztng of II @h*dlng overlu+ng to mlnlmizc
total mnnuitl npaco condlllon[n~ energy necd~,

1. lNTROMICTION

III cllma Leu with ~pprcclnhlc wlntcr hentlng

lcb.IdIL, pdaulvv ●olflr h.uitlri~ oyut-n can
supply a uubulnn~l~l IrticLlun of ~ bul!d-
Ing’n heating enrrgy rvqulremurrt. Much

Informmtlnn exlrnts nr. thr perfurm,wrrc of
much rny~tvmri, mhl q l~,ntltiitlvv deul~ll

proccduren mrc avmllahlu tn aanuri, thclr
e(fertlven*nt4.1 Relmtlively little lnfor-

matlnrr, (In the ~jther h~n(, exlnl# rcgsrdln~

the pottwtlII mumor overhwrllng prublrnn
mMnorlMLvJ ulth thenr ■yntemm. TIIIS nrd In
for n halmcod dcnl~n In Whlrh excefi~lvu
n,~lar ~~lnn ,Irr prevented In LIIU nuuer
WILIIVUL svrlouely c~promlnlnu lhe winter

hrmcln~ prrfurmimtc. TIIe ● nnl dvmlrnhle
overheatln~ corrtrolti ara !ho-e Impltrlt in
thr hllldlnu dualfin and Itrlctly panulvr in
thulr uperntlun. Addltlon41 artlvo control

meanul’em that rmqulro ❑~amonal ur dally
opera ‘m may be n~cded mm WCII 1. A ratlunal
denl~rr ●trawhy would bs tn Int’orpor.tt-
i)vorlteztlnti cnrrtrol ■e~muren In ● rank

order, b~lnnlng with ●trlctly panolve onem,

and atfdln~ ●ctlva ●c~muree tII uhatrv-r
?ntont Im required. An nhJartlve of re-

m-arch, then, ID to provitb quantltmtlve
tn[ormdtlnn LiI guldc thle deslsn rrnreee,

Several categories of toolc are needed for
the develop=nt of ● blanced des~gn. F:rat
are rules of thumb that can k ●ppllcd very

early tn che deelgn proceee. The rules of

thumb give @dance concernlns preferred
●izen or conflguratlone of building ●lc-
-nto, for ●xample, thm optlum ●munc ●nd
place-nt of meen and !neulatlon. S9. ond
arv eeclmotlon methodo that ●valuate the

overall performance of ● deelsn in term of,
for example, the annual apace condtrfonfng

energy requirement of the building. Such
●mtlmetlon methodc must be ●lmple ●nd fgit

no that tlley can he routinely ●pplted to
●valuate the overall ●nergy consequmncea of
varlouu demlgn optlono under con~ldoratlorr.

Third ●re analymlo tooln that provide &-
tailed Infomntlon about energy ron~tmpttnn
and comfort condltlnno, Thin flnel level of

analyn[n may he re18tlvely expe-mlvc ●nd

LI- cormrmlng nnd thuu mav hc done only
nncr or twlco nt an advanced nL4w In th~

design proccmo to rnnflrm ●arner u#tlmmtrn

and to guide “flnc lunln~” 01 the denlgn.
Thr exacL nature and level nf cophlhticatlno
of ●ach of thonc dunlgn tooln will depend on
LIICJ alcu and type of d~elgn pruJcrt III tfueo-
LioIl, hut, taking Lhe raample of ●lngle-
famlly rumlaentlhl, mmmll conerrl~l, or
ll~ht Indulltrlal hulldln~a, the t#L@Bnrlen
of needed dee~~n tn!tln mrr clomrly par#l-

Iel-d hy the dcnlgn toole develu ●d etrlctly
for wlnler heatln~ apfrllrallnne. ! Thene
are (1) Lhr rulen of thurnh toncernlng
gla~lng area, manm, orlentatlorr, and oth~r

epeclflc bulldtng leaturen; (2) the load
collector ratio (LCR) method for ●ntlmetlrt~
the anrtuml muxlltary heatlns ●ner~y requlr@-
mmt; ●nd ( 1) the rnol~r load ratln (8LR)
wthod for ●allmetlng tho aun~llary heat
month by month, ●nJ the dlurnel capacity

calculaflon for ●etlmetlrr~ dlurnel :empera-
Iure mwlnRn. Comparable denlan tneln that
●ddreem the Iaeuat of balanced deetSn ●re

under develo~nt.

~o—w=-n performed under ~ile aueplren of the US DJpartunl nf Eneray, Off Ice nf Solar
—.-

Appllcmclorrm Iul Bulldlnua.



The present paper examines just me deeign

1E6UC: the fixed, horizontal overhang.
Thle traditional, otrlc:ly paenive oolar

control device la very compelling in ice
~tmpli=ity Of concept: direct low-ankle
winter .eunllght paeeee below the ovorhang to

enter the building, but direct hish-anble
summer eunlight la blocked. That the incor-
~oration of aII overhang 1s a thermal design
problem at all !.s becauee tne heatlna and

cooling functions cannot be wde completely
compatible, thaL In, full a-r ●h6ding

nticeswirlly !mplies partial fall and spring
nhading end the consequent interference with
solar heating during thcee a,!aaone. The

de~lgn problem, then, ia to determlnu the
overhang configuration In which the wlrrter

hcutlng and smmer mhadtng ●ffecte ere
balanced in nuch a wuy an co optimize ●mc
aapcct of the overall performance. IL has
been long recognized thtrt a quentitatlvc
oprimiztitlrrn of thlir ●ort t- the preferred
hmlrr of a dvaign noluLlon, and initial
step~ Iurvu been taken cowilrd provldln~ aucn
~, ~cjluLl,)n,2 But the OVCrhIIn~ Slzln!?

tonln U*IX1 most widely art, hosed orrlv un thv
gwmvtry of sun nn,qleri: if a &Hlgrrcr cm
spccl fy how ❑any d~ys the riouth wlndowri ~lrc
Ln ho ,-nmplctclv ~hndtd #nd hmw many dnyfi

they arc to hu cnmpic Lely 111 WZ[lUI Led, thvrr
tilmplr tonl~ arr nvnllnbll, LO dcLurmlnr [IIV
(jvvrtmnp con figur;ltl on. 3 t’hc par~mc~urri

LhJL di”tisrmlnu thl~ LYIIU O( uverhang HI)lU-
LIUII Jte thv laLltU& Of Lhc HltC and Lhc

&,*l~ner’* ULIVSN n9 t!) the fippropr[ntr num-
hur of rJhtIdeJ id llllmlnn Lcd dtiy~. 0[
~!, ONLm, ttlt. I, IIIY ~)lIU th,t cnn hu nlmply knfj~

iq Lhc !.lt[luth). Unf,)rtun.itvly, thr optimum
t)vc.rtl,lnd rIIIIl l~ur.iL lIIn for II glvvn Mppl ll. Ll-

tl{m IH WI wv.thly c(~rrrlilted WIIh III(S lntl -
I. IILIU III-IL llIIN p.lrilmrtrr IH nt)l II*VI III :Iy

llslllf In ~lzln~ oV1,rllilng~m

2. TIIE ASAI,YSIS—---- .. —-.

❑vatema ie relevant, and it is efficient to
calculete the quantity

Q’ - Qh + Q=/CO? , (2)

where Q’ = Q X Co?’h ad COP =
COpc/CO?h la the C@fflCIOnt Of pl?!r-

formence of the coolins ayatem relative to
the auxiliary heating syecem.

?inelly, it la convenient to expreaa the
:eeult an J relative energy ●avinga due to
the preuence of an ovzrhsng, that in, the

energy requirement of the building with no
overhang lems the ●nergy requirement with nn

overhang. Thin ●nergy ●avingm la propnr-
tlonnl to the qrIOIILity ?IQ’ = Q’. - Q’
where t/’. is Q’ for a building with no
ovcrhafrg. In other worda,

:Q’ - OR - %+ (Qg- Qc)/cop , (1)

or
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3. TIIE RESULTS

Reaultm ●re prewnted for the casa of s
ureter wall type of passive ●olar hating
system eesmios ● -tar -11 thickrrem of
1S.2 a (6 in.), or ● heat capacity of 35A
fLJ/m2of collection area (31.2
Mu/ft2). Tho nll lB double shzed ●nd
nam m ●olar ●beorptmce af 0.9.

Pi#uram 2 through 9 ●hou the resulte ii. Lhe
fom of contour plots where the independent
vmrlables ara Lhe owerhang mnd ●e~ratlon

rat:os, and the contours ●re linam of
commtmnt ●mergy seviqm. The values that
label tk contours ●rr the relative ●nnual
●nergy eevlngm (A~’), in unitm Rf/m2 of

Slated ●perture [W = ld J). Each fl~ure
rorrempondn to a pmr:lcular city, KR, ●nd
COP, ●nd la a su~ry of 26 ●nnual ●nargy
navingn calculatlonm in wfrlch the ovarheng

and separation ratlom ●rc incramumtad inde-

pendently In rhe ranSc O to f. Interpola-
tlun In dono between the calcuimted pointm
to plot mmmth contours.

Several fealurem of overhang performance arc

evlbknl from Lhe plotm:

Camum ●xlnt where ●n nverlmn~ yleldm nm
rncr~y mevlngn at All. whure, on the cnntra-

ry, m ,Worhang nlwnvrn yleldn an ●nergy
pvlkllry. SCU. for ra.lmplr, Flgn. 1 ●nd 9.
Such L“mrvrn occur wlwrr th~ COP In muff lclent-
ly l.tr~c LhnL thr wlnt,~r huallng penelLy nf
.tn nvvrharik r,mrrrot b ramponmaLod fnr by
rmllnrn Iufitl rvdurtlrrn. Thin can happen frrr
rrl.4Llvo Iy n~Ill Cl~Pn In lor.lllnn~ with rnlb!

wlrrtvr~ .:nd ml ILI wummvru nr for lnc~tllnnm
with hlIt wl~,r~ II fhw CIP’ IN rcl.ltlvvly
l.lrR1. duo ft. IIIU umt. III rncr~v-vfllrlmrt
I.INII Ing c~qlilpm,nl , w, h AII rvnpnr Itlvv

r~mllvrnu ullvrv IIIIM I* pimqlhlv

Y/n - hl) * hlX/ll , (%)
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FiIIs. B-9. Curvcm of cormtant relative ●nnual ●nrrgy nevinfid (fU/m2 of solar anarture. tLJ =

mnd r.llller lILLIu .Iddlc!nnel energy mvtngn

[m ilvailahlu bvyond thflt.

The dtrc energy cuncwquenccn of m ●oparnclnn
r.lcln LOO smill for n glvcn nvcrhmg r~tln
,.rc cvldcnc from LIIU preclp[touw fmll in

cnurgy navln~n mL the lnvvr rl~h L of the

plutm. ?hln phenomenon occurs becaunu an
inqufliclent ecparmclnn r;llln caunce ❑ome

upper Port Ion or the window to bu ●hcdud
frnm direct rwfl.aLlnn durln~ p,lrt or uII of
the hemLlng ncaMmr. Thr nh~dcd portion In

then II nut encr~v Ionrr. AI LhuuRh obvlou M,
LIII!I pnlnl hcurn rnphnqla bctauno IL In GIn
,B(tk.n t X1 in pr,irtlcr.

4. C(JS, :;:SI!JN$-. .-—

TIIC cnlc!ll Atcd pcrlurm~mrun ●hou Lhill Lhc
uptlmm uvvrll, mg ch,lrn tcr[s Llcn depend
~Lrnn~ly on iIll of IIIV lcmlturvq Ih,lt dlqtln-

1:111*11 thu vclrlnu~ I. Jn, I.1: Lhc Ilmatlllll,thv
hl]lldlllg 1,1’H, nnd thr COII of thv cunl[ng
~ynlvm rc.l~lllvc tII the ..unlllllry hcntln~
wy~tt!. The Istltudv ,nInnc In rerl,linl~
lnuuffl,:lrnL dItn frfm whlrh to dwturminr
tlw nvcrhan~ rnnf I;:,lr,lt Itin, This point In
Illuntrtitvtl by FIM. 10 IN tthlLmh err pltlftmd

:1 chnrn,. trrl HLlc 01 Ills! nptlmlrn ovcrhunR
r,mfl~uriltlon, hi, vrranm thr latlLudr tur
)3 ctiaun nf tlIc Lypc reprenrnted by PIRm. 2
khrough 9. TIIII qunntlty h] In the ❑lnpr
rlf th@ lln@ of liILm.ll (lverh~l’1~ IIfItime (~q.

‘i). N,I rnrr,ll~llmn In ~vldent, f)ther
attLUp!H to corrrlnto the nptlm~ nvcrhanm
rhtrn,, terlntlrm ulth LIIO Intltude were
~lmllarly unnucc~mnfulm

It 1- Intorrstlng. ●nd dlr..ppnl,ttlng. th~t ●

rmmnn ~nd Lredlt[onml de~lgn Ieature ourh

nn Ihv flnrd, hnrlxnntal oua IIIan# In nut
❑u}jvrl tn n elmpl~ denl~n rulr of throb.

q-, . .. ,

1 I

J._-....A- 1 , J
m s m M w

lATilUOI ltbu NI

Fl#J. 10. V#l Ucm of b] (net tcnl for

dcflnltlnn) vermun latl Lude.

Inmtwfid , IL In Ilkcly thmt ● ueeful deelgn

Luul wil! nccumearlly lnvolv~ a ralher c~-
pl~n rvlacionshlp bcluecn several thnractcr-

.mrlcn nf the hulldlng and ltn mite. Such a
tool may turn out to reeemhltt CIIC mo,lthly
Si.R rn~thod uxtundcd to ●,Iply to bolh heating

mf r[mlln~. Hcanuhlle, nn eeeortrnlnt nf
ploln nurh an thnne in Flgn. 2 through q,
prupmrud for varlnum re@lonn, LCRn, nnd
COPIJ, can provldc nomc guldilnce in overhang
ttlzln~.
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